Mr D W C Northfield (The London Hospital, London El)
The Conventional Approach A brief review of the development of surgical treatment will help to keep modern methods in their proper perspective. Cushing (1917) expressed the opinion which none with experience will deny that it is 'one of the most difficult to enucleate of all brain tumours'. Three stages can be recognized: that dominated by Cushing's example, the methods introduced by Dandy, and those evolved in the last few years. The first recorded successful operation was by Ballance in 1894 (Ballance 1907) , though Cushing thought that the tumour might have been a meningioma. Thereafter sporadic successes occurred, but no real progress was made before Cushing. He favoured full bilateral exposure of the cerebellum and for the most part contented himself with as thorough a removal of the tumour as possible within the confines of its capsule, the so-called intracapsular removal. This was preferred in order to avoid damage to blood vessels, to the pons and to the facial nerve. But the term 'intracapsular removal' is a euphemism and must be recognized as synonymous with incomplete removal and consequent probability of recurrence. Dandy (1925 Dandy ( , 1934 was responsible for the next contribution and it is fair to say that he developed the conventional operation aiming at total extirpation, the subject of my remarks. He favoured unilateral craniectomy, and abandoned the customary bilateral cerebellar exposure on the grounds that it was unnecessary; exposure of the tumour was effected not by displacing the overlying cerebellum but by removing it, known as 'uncapping the tumour'. This technique is now frequently used for access to tumours elsewhere in the cranium and was adopted by Cushing. Dandy states that Frazier suggested it in 1905. Dandy also introduced routine tapping of the lateral ventricle. Horrax & Poppen (1939) used a small unilateral osteoplastic flap, which gives good access but is clumsy and time-consuming. The latest methods of approach and techniques are based primarily on the desire to preserve the facial nerve. They may be through the mastoid process and petrous bone, or through the posterior fossa, removing part of the petrous bone, and performed with the help of the dissecting microscope. It is interesting that Cushing (1917) observed that Pause in 1904 suggested a translabyrinthine route, and it was tried by several surgeons and abandoned.
From this short historical review it will be evident that the surgeon's aims have swayed between partial and total removal and latterly have been dominated by trying to preserve the facial nerve. In favour of partial removal is a somewhat lower mortality rate, particularly evident in and applicable to the elderly patient, and a likelihood of preserving the facial nerve.
Against partial removal must be set the persistence of ataxia, if remnants of tumour indent the pons, and the probability of recurrence. In Cushing's hands, one-quarter of the patients who survived the first operation had died within five years from recurrence or operation for its relief; rather more than one-eighth were alive after thirty years (German 1961 (1) Its diagnosis is often extremely difficult: the ear is already deaf, the facial nerve may have been partially or completely paralysed, the cerebellar lobe will be smaller as a result of softening or resection at the time of operation and the small craniectomy gives an element of decompression. Thus the physical signs of recurrent cerebellopontine angle tumour present atypically and insidiously, leading to postponement of the second operation often to an age when it may be regarded as too dangerous.
(2) Operation for a recurrent acoustic tumour is usually much more difficult than the first operation, because adhesions may not only tether it but obscure important nerves and vessels. Surgical technique had lately been dominated by the desire to preserve the facial nerve. This is indubitably a laudable aim; in women the dislike of facial disfigurement is understandable, though I can recall only one in my experience who was really emotionally disturbed by it in prospect and in reality, but who recovered from her unhappiness several years later. But I doubt the wisdom of devising a technique to preserve the facial nerve if the consequence is a higher mortality rate, or risk of recurrence. However, insufficient time has elapsed on which to assess the results of modem techniques. The difficulties and dangers encountered in removing an acoustic tumour are attributable to several factors: Situation: The tumour lies deeply in the posterior fossa, wedged between petrous bone and pons, covered by cerebellum and anchored within and around the margins ofthe internal porus acusticus.
Size: It is commonly 3-4 cm in diameter, often larger, so that the upper pole may extend above the edge of the tentorium and the lower reach the margin of the foramen magnum. Of Olivecrona's 300 cases, only 50 were of 'walnut' size or less (Lundborg 1952) .
Neighbourhood: Neural structures lie close at hand and are at risk during operation. The cranial nerves, from IV to XI inclusive, lie adjacent to the tumour and the pons itself is deeply indented, except by small specimens.
Arteries: These enter the tumour from the internal porus and from the pontine and cerebellar network. Bleeding from the porus can be controlled with the risk of damaging only the facial and auditory nerves. The other vessels which provide its main supply enter the tumour on its ventral and medial aspects, i.e. on its deep surface. They arise from named arteries, the internal auditory, the anterior inferior and the posterior inferior cerebellar and from smaller pontine vessels. They may be incorporated in adhesions around the tumour. Atkinson (1949) has shown that the anterior inferior and the posterior inferior cerebellar arteries are commonly linked by an anastomosis which is of vital importance in maintaining collateral flow if either the anterior or the posterior artery is unusually small or if its circulation is impeded. His dissections and postmortem specimens demonstrated the paramount need to preserve the integrity of the anterior inferior cerebellar artery; its occlusion leads to pontine infarction (often interpreted at postmortem examination as surgical bruising or laceration) which is the most frequent single cause of post-operative death.
Post-operative complications: Contiguity with nervous and vascular structures which may in consequence be damaged, though not necessarily severely, renders these patients prone to disturbances of swallowing and of the cough reflex, and to respiratory infection and obstruction. Such complications were formerly a frequent cause of death, but can now usually be averted or remedied provided the necessary action is taken in time.
Total or partial removal: My own views on the treatment of an acoustic tumour are simple; I hold that, unless there are very strong reasons to the contrary, the tumour should be totally extirpated at the first attempt, without procrastination: that preservation of the facial nerve is of secondary importance and should never be attempted if it is likely to subject the patient to greater risk or if it means that the tumour may recur.
Justifiable reasons for partial removal are age, cardiovascular disease or physical debilitation, great size or a complication calling for a halt during operation, and adamant refusal of the patient to accept the possibility of facial paralysis, though this may happen even after a careful partial removal.
The timing of operation is important and in this context I have used the phrase 'without procrastination'. Because removal of an acoustic tumour carries a considerable risk to life, there has been in the past the illogical view that operation should be deferred in patients with little trouble until ataxia or papilloedema or some other serious disorder makes it imperative. An acoustic tumour is always larger than seems likely from the symptoms and signs; ataxia means pontine compression, and papilloedema that obstruction to CSF pathways has developed, both evidence of a big tumour with consequent greater risk. Reduction of operative mortality and success in preserving the facial nerve depend entirely upon removal of the tumour at the earliest moment at which it can be diagnosed. My attitude towards acoustic tumours was determined in about 1942. At that time I had some years' experience of partial removal and of secondary extirpation and I reviewed my results with great dissatisfaction. This led me to attempt primary total removal with increasing frequency (Table 1 , first series) and thereafter I rarely resorted to anything less (Northfield 1950 ). The technique is as follows:
General anwsthesia: This has always been used, with controlled respiration since its general introduction. In expert hands this provides the relaxation of quiet sleep and a field free from venous congestion which in the earlier days could be an embarrassment in all forms of intracranial surgery. Here I would like to pay tribute to the highly skilled anwsthetists with whom it has been my good fortune to work. Hypotensive antsthesia has never been employed, on the grounds that, whatever benefits might accrue to the surgeon, it is potentially dangerous for the patient, whose pons is already at risk from ischemic damage.
Position: The posture of the patient is of great importance; since the mid-1940s the patient has been placed in the lateral position (Fig 1) with the head so placed that the sagittal plane is horizontal, Site ofskin incision thereby aiding orientation when the towelling is in place, with slight flexion of the neck, so as to expose the posterior fossa, and with the upper shoulder drawn caudally. Elastic adhesive strapping is used to stabilize the head, the shoulder and the pelvis. The ipsilateral eyelids are temporarily closed with stitches and Vaseline gauze placed over the closed contralateral lids. In this position gravity aids access to the cerebello-pontine angle, for the cerebellar lobe falls away from the petrous bone and the tumour, but is supported by the opposite side of the posterior fossa as in a cup, and no displacement or distraction of the medulla can occur. If there is any spontaneous fall of blood pressure the operating table can easily be tilted head down without disturbance of towels and instruments. I have always adjusted the position ofthe patient myself, because I believe it to be so important for the smooth conduct of the operation and for the comfort of the surgeon.
Incision: Having tried various incisions (e.g. vertical, muscle-splitting, J-shaped) I have found the most convenient to be C-shaped. This starts about 2 cm lateral to and above the external occipital protuberance, runs laterally above the nuchal line, curves down over the mastoid process about 2 cm behind the external auditory meatus and somewhat medially into the neck for another 2-3 cm (Fig 1) . This incision gives excellent exposure of the angle if bone is adequately removed; if for any reason, such as an incorrect diagnosis, it should prove necessary to make a full posterior fossa decompression, the skin incision can be easily extended across the midline and the other side of the posterior fossa exposed. A separate incision is made for a burr hole through which the lateral ventricle is tapped and an indwelling catheter secured.
Exposure: The pericranium is divided close to the edge of the suboccipital muscles and these with the fringe of pericranium are reflected from the bone by touches with a diathermy point and blunt dissection; the tail of the C-shaped skin incision allows the muscles to be dissected cleanly from the posterior aspect of the mastoid process and to be divided deeply, so that the shelving horizontal portion of the occipital bone from the digastric groove to foramen magnum is exposed by tilting the musculocutaneous flap medialwards; this exposure is maintained by a self-retaining retractor. The craniotomy need not be large if it is in the appropriate place; medially it extends to about 2-3 cm from the middle line; inferiorly the thin occipital squame is removed fairly drastically to provide good access to the lower pole of a large tumour; the posterolateral lip of the foramen magnum is removed. Bleeding from the mastoid emissary vein may be troublesome; if the vessel has a large lumen it should not be plugged with bone wax as this may break off and form an embolus, but filled and covered with a large single piece of muscle or oxidized cellulose, retained in position if necessary with a stitch from dura mater to pericranium. The dura mater is opened and with traction stitches the fullest exposure obtained consonant with the size of the craniectomy; if tonsillar herniation is present the dural opening should extend through the foramen magnum.
Before proceeding further, hemostasis should be absolute. The cerebellar tonsil is depressed to identify the cisterna magna, which is opened to allow the escape of CSF; the cerebellum now sinks away from the lateral wall of the posterior fossa and the petrous bone. This is an important step and it may be necessary gently to suck CSF (Fig 2) and the tumour uncovered by excising the lateral one-third or so of the overlying cerebellum, according to the size of the tumour (Fig 3) . In the average case the line of this resection corresponds approximately to a plane parallel with the sagittal, passing through the lateral edge of the foramen magnum below and reaching the tentorium above, It is deepened until it encounters the bulging convexity of the tumour. Diagrams of this resection often indicate a curved line, with its concavity directed laterally; such a resection fails to uncover adequately both inferior and superior poles and leads to bruising of the cerebellum by the use of retractors which otherwise need not be used at all with the patient in this position. As the resection approaches the superior (tentorial) surface of the cerebellum care should be taken not to rupture a vein of constant position. It passes from the upper surface of the lateral lobe to the undersurface of the tentorium and is hidden from view; bleeding from it may be considerable, difficult to identify and to control. The vessel should be sought in good time and divided between clips or after coagulation. The dorsolateral aspect of the tumour has now been exposed (Fig 4) ; its arachnoid covering is removed, its general extent assessed, its attachment to the porus acusticus identified and its relationship to the tentorium and to the IX, X and XI cranial nerves examined. The cisterna magna and any open cisterns around the tumour are lightly packed with patties to keep blood from seeping into the subarachnoid space.
Removal ofthe tumour: Loose vessels lying on the exposed surface of the tumour are gently brushed aside, the capsule coagulated and a large piece excised in order to gain the interior, which is now thoroughly excavated with the greatest gentleness in order to reduce the bulk of the tumour. A large cyst in the tumour is a bonus; and soft tissue, particularly if it has undergone fatty degeneration, can be removed by suction or careful use of a blunt curette. Tough tissue requires rongeurs which must be used with extreme caution, not to tear away tissue but to crush itwhich can be removed by suctionor to bite it. When used on the medial side of the cavity, that is to say adjacent to the pons, the beaks of the instrument should be placed so that they open and close in the parasagittal plane, when they are less likely to communicate jarring movement to the pons; this may happen if the beaks are directed medially, towards the pons, when they are closed. Intracapsular removal is continued until the internal aspect of the capsule is approached and the tumour is evidently more mobile and smaller as shown by egress of CSF from around the upper and lower poles. Temporary hmmostasis within the tumour may require the judicious use of endothermy but usually light packing with patties I.0 soaked in hydrogen peroxide or with Oxycel will suffice. Too much packing will enlarge the shrunken tumour unnecessarily. The attachment of the tumour to the porus is now divided; the line of fusion of capsule and dura mater around the margin of the porus (particularly if the latter is much enlarged) is often thick, tough, and vascular. The facial and acoustic nerves are splayed out and usually incorporated in the capsule on its deep (anterior) aspect; I have usually ignored them. Coagulation of the cut dura controls bleeding, and the porus itself is briefly excavated and plugged with Oxycel, its definitive treatment being deferred. Packing within the tumour is now removed and the tumour gradually mobilized by gentle traction on its lateral margin, rotating it medially, so as to permit inspection of its ventrolateral aspect, revealing the V, VI and, at a lower level, IX, X and XI cranial nerves. Patties are slipped forward between these and the tumour. Further pieces of tumour can now be snipped off and attention paid alternately to the lower and upper poles by tilting the remnant of tumour upwards and downwards respectively. The important posterior and anterior inferior cerebellar arteries lie in relation to the deep surface of the lower pole; all vessels lying on the capsule are gently brushed away, and none is divided until it is certain that its distal distribution is into the tumour. The important relations to the upper pole are the trigeminal nerve and a fairly constant and sometimes large vein which lies alongside and slightly more superficially, and ends in the medial extremity of the superior petrosal sinus; if it is torn away from the sinus its haemostasis can be difficult. At a slightly higher and deeper level runs the trochlear nerve. The tumour, fragmentarily diminished in size, now remains attached to the pons, the middle cerebellar peduncle and neighbouring cerebellum; on occasion it is firmly attached in the lateral recess.
Removal is completed by working from whichever direction seems easiest, having regard to the trigeminal nerve which often describes a very kinked course around the medial aspect of the tumourto reach the pons, and in this part it is much flattened and easily damaged (Fig 5) . Htemostasis of vessels on the pons should if possible be effected without the use of coagulation. The cavity left after removal is gently packed with cotton wool and attention turned again to the internal porus. The possibility that tumour may recur from minute fragments left within the porus seems not to have received the attention which it deserves. My personal experience, to which I shall refer again, shows that this may happen, and there is good supporting anatomical evidence. Henschen (1915) , in his classical paper on acoustic tumours, and later Scott (1938) , made histological examinations of the petrous bone; the preparations show not only the deep excavations produced by the tumour in the porus but infiltration of the membranous labyrinth by the tumour. These observations seem to have attracted little attention from neurosurgeons. My view is that this source of recurrence may be important and I doubt whether simple curettage is adequate treatment; consequently, after removing as much as possible by blunt dissection and suction, I pass the instrument as far as it will go and thoroughly coagulate the depths of the porus. This, of course, vitiates all attempts to save the facial nerve during the tumour dissection. The porus is plugged with muscle or with Oxycel to stop bleeding and the dural rim around the margin is again inspected for bleeding points. The cotton wool is withdrawn from the operative cavity and the field scrutinized through a pool of fresh irrigating fluid for any trace of bleeding. Haemostasis must be perfect.
The dura mater is closed as completely as possible, and defects sealed with suitable material for two reasons; to diminish the risk of a CSF leak from the wound and to prevent leaking of blood into the operative cavity from the superficial soft tissues. If the mastoid air cells have been opened they should be liberally powdered with an antibiotic or sulphonamide mixture and plugged with wax, muscle or Oxycel. If left open, a CSF fistula through the air cells into the middle ear may develop and cause meningitis. Muscle and skin are closed meticulously in several layers without drainage. The indwelling ventricular catheter is retained in situ and clipped off; the clip can be removed and replaced daily, as desired, for several days after operation. The temporary stitches are retained in the ipsilateral lids for some days. The patient is placed in bed so as to lie for the first six hours on the operated side; in this position the wound is dependent and any ooze of blood gravitates superficially and not into the deep CSF cisterns. Post-operative care: This has to be of the highest order and I am grateful to acknowledge my experience of it at the London Hospital. The details cannot be described here, but some aspects ofprime importance need emphasis. There is a constant risk of disturbance of swallowing mechanisms, of the cough reflex, and of the airway; bronchopneumonia readily develops. A gastric feeding tube is passed before the patient leaves the theatre and nothing is given by mouth for several days. Little fluid is given through'the tube in the first 24 hours, and the stomach is emptied before each instillation of fluid. Vomiting during the first few days may quickly be fatal if inhalation occurs, probably from glottic spasm and asphyxia. Tracheostomy is performed in appropriate cases though I do not consider this necessary as a routine; it has its disadvantages, though when indicated it may be life-saving. Antibiotics have been used in all cases, as a prophylactic against lung infection.
When the patient has recovered from the immediate effects of operation, faciohypoglossal anastomosis is performed. The timing depends upon the patient's condition, and the interval has varied from three weeks to three months. As soon as possible a dental splint is fitted carrying a facial support to prevent contractures. Care of the eye is also important. If there has been no interference with trigeminal sensation all that is usually necessary is a small permanent lateral tarsorrhaphy of a few millimetres, which improves appearance by preventing drooping of the lower lid. If there is some impairment of corneal sensation, a full tarsorrhaphy should be performed and maintained for at least three months.
Results
Table 1 sets out the various operations and their results in 102 cases of acoustic schwannoma, divided into two groups. The first series (47 cases) comprises operations undertaken up to the end of 1949 by which timeas mentioned earlier -I had reached firm conclusions as to the most appropriate form of operation (Northfield 1950) . The second series includes all subsequent cases (55). Primary total enucleation was performed in approximately one-half of the first series with a mortality of 24%, and in nearly all (95 Y.) of the second series with a mortality of 15 %.
In the second series, of 52 cases of primary total enucleation, there were 2 which deserve mention because the events strongly influenced future actions. In each the tumour was small (1-5 cm diam), the only small ones I have experienced; it was pared off the facial nerve and the internal (Table 2) show the importance of brain-stem infarction. The cause of delayed hemorrhage in 2 cases could not be detected; death was rapid three and four weeks after satisfactory progress and I suspect that the bleeding came from the internal porus or its dural margin. The discovery of multiple meningiomas in 3 patients was a surprise. In one patient an acoustic tumour on the other side had been removed many years previously by the late Hugh Cairns; in the other 2 a contralateral acoustic tumour was known or suspected.
Analysis of the records of 46 survivors of the second series showed that in due course no ataxia remained in 20; in 13 it was considered to be slight, perceptible as a cautious gait on a widened base with perhaps slight unsteadiness in turning. In 5, ataxia was moderate to severe. For various reasons, the remaining patients could not be followed up long enough to judge the final result. Recovery from the operation usually takes many months. Even young patients require a minimum of three months to recover sufficiently for return to work, and in those over 50 improvement continues for 1-2 years. Evidence of nerve regeneration is usually first seen about three months after the faciohypoglossal anastomosis, showing itself as an improvement in tone of the paralysed facial muscles. Patients should be instructed to watch movements of the face in a mirror, so as to practice those which are desirable and to avoid others; they should endeavour to restrain excessive emotional expression. The late results can be surprisingly gratifying.
Mr J A Doig (Royal Infirmary, Glasgow, andLaw Hospital, Carluke)
The Translabyrinthine Approach Although a cerebellopontine angle tumour had been successfully removed by the posterior route in 1894 (Ballance 1907) , the mortality remained extremely high, and Panse (1904) suggested a translabyrinthine approach. This was first tried by Quix (1912) and partial removal was accomplished in two stages, but the patient's symptoms recurred within six months. Up to 1920 Fraser was able to mention only 4 patients dealt with by this route, but all of these survived operation. Nevertheless, Cushing (1917) , who called the cerebellopontine angle 'the bloody angle' and 'the gloomy corner of neurological surgery', stated that 'there was no possible route more dangerous or difficult than this one'. If anyone dared to tackle it thereafter no one dared to publish the fact until 1964 when William House reported 47 removals without a death, a unique achievement. (House 1968 ). In two-thirds of the series there were only VIII nerve abnormalities and in this group the mortality was 2-2 %. In the remainder with other cranial nerve or cerebellar involvement the mortality rose to 17 %. The labyrinthine and posterior routes may be compared anatomically from Fig 1. The labyrinthine route gives a narrow view of the angle but the view can be increased by uncovering and retracting the sinus and, if necessary, dividing it. It gives a good view of the contents of the canal. There is no need to retract the cerebellum. There is, however, a lot of bone to remove and this can be very tedious unless one has a fast air-driven drill.
The posterior route gives a good view of the angle, but necessitates retraction of the cere- Tumour can be seen emerging from the internal auditory meatus. The IX, Xand XI cranial nerves are seen below the tumour and the superior petrosal sinus above it
